A novel actinomycete, strain S7F-02 T , which produced primary branched hyphae and fragmented into V-and Y-shaped bacillary cells, was isolated from marine sediment collected in the Andaman Sea, Trang Province, Thailand. Lysine was found to be the diagnostic diamino acid in the cell-wall peptidoglycan. The whole-cell sugars of strain S7F-02 T were ribose, arabinose and glucose. The characteristic phospholipids were diphosphatidylglycerol, phosphatidylglycerol and phosphatidylinositol. The predominant menaquinone was MK-9(H 4 ). The predominant cellular fatty acids were anteiso-C 15 : 0 and iso-C 15 : 0 . The G+C content of the genomic DNA of strain S7F-02 T was 70.6 mol%. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain S7F-02 T should be classified in the genus Promicromonospora. This strain formed a close association with Promicromonospora citrea DSM 43110 T , with which it shared 99.2 % 16S rRNA gene sequence similarity. DNA-DNA hybridization data together with physiological and biochemical properties showed that strain S7F-02 T could be readily distinguished from its closest phylogenetic relatives. On the basis of these phenotypic and genotypic data, strain S7F-02 T is considered to represent a novel species of the genus Promicromonospora, for which the name Promicromonospora thailandica sp. nov. is proposed. The type strain is S7F-02 T (5BCC 41922 T 5JCM 17130 T ).
The genus Promicromonospora Krasil'nikov et al. (1961) belongs to the family Promicromonosporaceae in the suborder Micrococcineae (Zhi et al., 2009 ). This genus is well established in terms of morphological and chemotaxonomic properties (Busse et al., 2003; Jiang et al., 2009 ) and 16S rRNA gene sequence-based phylogeny (Stackebrandt et al., 1997; Zhi et al., 2009) . At the time of writing, the genus comprised nine recognized species, namely Promicromonospora citrea (Krasil'nikov et al., 1961) , P. sukumoe (Takahashi et al., 1987) , P. aerolata and P. vindobonensis (Busse et al., 2003) , P. kroppenstedtii (Alonso-Vega et al., 2008) , P. flava (Jiang et al., 2009) , P. umidemergens (Martin et al., 2010) , P. xylanilytica (Qin et al., 2012) and an endophytic species described by Kaewkla & Franco (2012) , P. endophytica. In this study, we describe a novel species of the genus Promicromonospora.
Strain S7F-02 T was isolated from a marine sediment sample collected from the Andaman Sea in Trang Province, Thailand. The sediment sample was air-dried at room temperature for 4 days. The dried sediment sample (1 g) was treated with 0.05 % (w/v) SDS in distilled water (9 ml) at 30 u C for 30 min and then serially diluted in sterile distilled water as recommended by Thawai et al. (2005) . The strain was isolated on humic acid-salts vitamin agar (Hayakawa & Nonomura, 1987) supplemented with (per litre) 25 mg nalidixic acid, 50 mg cycloheximide and 50 mg nystatin. The pure culture was preserved by freezing at 280 u C and by freeze-drying.
Morphological characteristics of strain S7F-02 T grown on 1/5-strength yeast extract-malt extract agar [International Streptomyces Project medium 2 (ISP 2); Shirling & Gottlieb (1966) ] were observed by light and scanning electron microscopy (model JSM-5410 LV; JEOL). Samples for scanning electron microscopy were prepared as described previously (Thawai et al., 2005) .
Phenotypic characteristics of strain S7F-02 T were examined by using several standard methods. Cultural characteristics were tested with 14-day cultures grown at 30 u C on various agar media. The ISCC-NBS Color Charts standard sample no. 2106 was used for determining colour designations (Kelly, 1964) . Hydrolysis of various compounds and acid production from carbon sources were examined by using the basal media recommended by Gordon et al. (1974) . Temperature tolerances were determined on ISP 2 over 14 days. pH and NaCl tests for growth were determined on ISP 2 medium at 30 u C for 14 days. Gelatin liquefaction, peptonization of milk, nitrate reduction and starch hydrolysis were determined through cultivation on various media as described by Arai (1975) and Williams & Cross (1971) . The results of these various tests are given in detail in the species description below and in Table 1 .
Freeze-dried cells used for chemotaxonomic analyses were obtained from cultures grown in ISP 2 broth on a rotary shaker at 30 u C for 4 days. Cell-wall peptidoglycan was prepared and hydrolysed according to the methods of Kawamoto et al. (1981) and the amino acid composition was determined by TLC (Lechevalier & Lechevalier, 1980) . Reducing sugars from whole-cell hydrolysates were analysed by the cellulose TLC method of Komagata & Suzuki (1987) . Phospholipids in cells were extracted and analysed according to the method of Minnikin et al. (1984) . Analysis of fatty acid methyl esters was performed by GLC according to the instructions of the Microbial Identification System (MIDI), Sherlock version 6.0 (Sasser, 1990; Kämpfer & Kroppenstedt, 1996) , with the RTSBA6 MIDI database. Isoprenoid quinones were extracted according to the method of Collins et al. (1977) and were analysed by reversed-phase LC-MS employing UV detection and electrospray MS. The LC solvent system was 2-propanol/ methanol (1 : 2, v/v) at a flow rate of 0.6 ml min 21 .
Chromosomal DNA was isolated from cells grown in ISP 2 broth according to the method of Tamaoka (1994) . The G+C content of the DNA was determined by using the HPLC method of Tamaoka & Komagata (1984) . An equimolar mixture of nucleotides for analysis of the DNA G+C content (Yamasa Shoyu) was used as the quantitative standard. DNA-DNA hybridization was conducted in microdilution-well plates, as reported by Ezaki et al. (1989) . Levels of DNA-DNA relatedness were determined by using the colorimetric method (Verlander, 1992) . PCR-mediated amplification of the 16S rRNA gene and sequencing of the PCR products were carried out as described previously (Nakajima et al., 1999) . The 16S rRNA gene sequence was multiply aligned with selected sequences obtained from the GenBank/EMBL/DDBJ databases by using the CLUSTAL W program, version 1.81 (Thompson et al., 1994) . The alignment was manually verified and adjusted prior to the construction of a phylogenetic tree. The phylogenetic tree was constructed by using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Kluge & Farris, 1969) methods in the program MEGA version 4.0.2 (Tamura et al., 2007) . The confidence values of the branches in the phylogenetic tree were determined by using bootstrap analyses (Felsenstein, 1985) based on 1000 resamplings. Levels of sequence similarity among the type strains of all recognized Promicromonospora species were first determined by using the EzTaxon server (Chun et al., 2007) . 16S rRNA gene sequence similarities among closely related species were calculated manually after pairwise alignments obtained via the program CLUSTAL X (Thompson et al., 1997) . Gaps and ambiguous nucleotides were eliminated from the calculations.
Colonies of strain S7F-02 T were pale greenish yellow, soft, pasty and raised with shiny surfaces. Under the light microscope, the strain produced well-developed, branched substrate hyphae that grew on the agar surface and penetrated into the agar, but lacked aerial hyphae. The mature substrate hyphae fragmented into non-motile Vand Y-shaped bacillary cells ( Fig. S1 in IJSEM Online). Growth was good on ISP 2, oatmeal agar (ISP 3) and nutrient agar. No soluble pigment was observed with any of the media tested.
The chemotaxonomic characteristics of strain S7F-02 T were similar to those of members of the genus Promicromonospora. The diagnostic diamino acid, lysine, together with glutamic acid and alanine, was detected in cell-wall hydrolysates of strain S7F-02 T . Glucose, galactose, rhamnose and ribose were found as whole-cell sugars. The same composition of whole-cell sugars was found in P. citrea JCM 3051 T . The polar lipid profile of strain S7F-02 T comprised diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside, four unidentified phospholipids, an unknown phosphoglycolipid and an unknown glycolipid (Fig. S2) . A similarly complex pattern of polar lipids was found in P. citrea JCM 3051 T (Fig. S3) . In contrast to data previously reported for P. citrea DSM 43110 T (Martin et al., 2010) , we found that P. citrea JCM 3051 T had diphosphatidylglycerol as a major phospholipid. The major cellular fatty acids (.10 %) of strain S7F-02 T were anteiso-C 15 : 0 , iso-C 15 : 0 and anteiso-C 17 : 0 ; iso-C 16 : 0 , C 16 : 0 , iso-C 14 : 0 , C 14 : 0 and iso-C 17 : 0 were found as minor components (Table S1 ). Strain S7F-02 T exhibited a high amount of MK-9(H 4 ) (58.2 %) and MK-9(H 6 ) (17.3 %) and a small amount of MK-9(H 2 ) (1.7 %). These three types of menaquinone were also found in P. citrea JCM 3051 T . The G+C content of the genomic DNA of strain S7F-02 T was 70.6 mol%.
16S rRNA gene sequence analysis revealed that strain S7F-02 T exhibited a close relationship to members of the family Promicromonosporaceae, and its phylogenetic position was within the clade comprising the genus Promicromonospora. It is evident from the neighbour-joining tree based on 16S rRNA gene sequences that strain S7F-02 T formed a subclade with P. citrea DSM 43110 T at a high bootstrap value (95 %) (Fig. 1) . The relationship between these strains was supported by the results from both the neighbour-joining and the maximum-parsimony methods. Strain S7F-02 T showed more than 98.0 % 16S rRNA gene sequence similarity to members of the genus Promicromonospora, with the exception of P. flava CC 0387 T (96.7 %). Strain S7F-02 T shared highest 16S rRNA gene sequence similarity with P. citrea JCM 3051 T (99.2 %). Based on morphological, chemotaxonomic and phylogenetic data, strain S7F-02 T should thus be classified in the genus Promicromonospora.
The characteristics shown in Table 1 clearly indicate that strain S7F-02 T possesses distinct phenotypic characteristics that separate it from its phylogenetically closest relative, P. citrea JCM 3051 T . In particular, strain S7F-02 T can be distinguished from P. citrea JCM 3051 T based on the ability to liquefy gelatin, maximum temperature for growth, starch hydrolysis and the production of acid from various carbon sources. DNA-DNA hybridization experiments were conducted between strain S7F-02 T and P. citrea JCM 3051 T . The results showed a low level of DNA-DNA relatedness (39.8±0.2 %, mean±SD of 5 determinations) between strain S7F-02 T and P. citrea JCM 3051 T .
The unique phenotypic and genotypic characteristics of strain S7F-02 T enable it to be distinguished from all recognized Promicromonospora species, thus supporting its classification as a representative of a novel species of the genus Promicromonospora, for which the name Promicromonospora thailandica sp. nov. is proposed. growth is 6 % (w/v). The pH range for growth is 6-9. The cell-wall peptidoglycan contains lysine, glutamic acid and alanine. The predominant menaquinones are MK-9(H 4 ) and MK-9(H 6 ); a small amount of MK-9(H 2 ) is also found. Characteristic whole-cell sugars are glucose, galactose, rhamnose and ribose. The phospholipid profile contains diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside, four unidentified phospholipids, an unknown phosphoglycolipid and an unknown glycolipid. The fatty acid profile consists of anteiso-C 15 : 0 , iso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 16 : 0 , C 16 : 0 , iso-C 14 : 0 , C 14 : 0 and iso-C 17 : 0 .
Description of
The type strain, S7F-02 T (5BCC 41922 T 5JCM 17130 T ), was isolated from marine sediment from the Andaman Sea in Trang Province, Thailand. The DNA G+C content of the type strain is 70.6 mol%.
